We have observed two-photon above-threshold ionization in Ar, Xe and He by the fifth harmonic (25eV photon energy) of a KrF laser. 02003 Optical Society of America Above-threshold ionization (ATI) is a successive absorption of additional photons beyond the minimum number of photons required to ionize an atom. Lots of experimental as well as theoretical studies have been performed in the past in the visible-IR range using fs Ti:Sapphire lasers. For shorter wavelength (WV-XUV) where bright light sources dre not easily obtained and the corresponding dipole moments are usually much smaller than those in the visibleIR range, it is much more difficult to induce ATI in the XUV range. Nevertheless, observation of singlecolor two-photon ATI by XUV photons is an important cornerstone toward the "full and direct" characterization of ultrafast pulses in the XUV range which may liave an attosecond pulse duration. This is because (1) for XUV photons even a single-photon absorption will bring atoms above ionization threshold and hence AT1 is necessarily involved for any nonlinear processes, and (2) the accuracy of autocorrelation-based pulse measurement has no fundamental limitation while that of cross-correlation-baed method is limited by the pulse duration of a reference pulse.
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In this paper we kport the first experimental observation of two-photon AT1 of rare gases by XUV (25eV) photons (the fifth hrmonic of a KrF laser). We generated high order harmonics by focusing a KrF laser in Ne. The fifth harmonic was selected with a beam splitter, a thin A1 filter, and a f = 20 cm concave Sc/Si multilayer mirror [l] .
The fifth harmonic reflected by the multilayer mirror was focused into a diameter of 2 pm in rare gases. The pulse width was estimated to be 220 fs from 1/45 of the fundamental pulse width and the pulse energy was 2.4 dlshot at 40 Hz, leading to the peak intensity of 110 GW/cm2. Photoelectrons were detected by a semispherical photoelectron spectrometer (PES), placed along the line of the polarization direction, with an electron counting systein. 
'PID).
The peaks due to one-photon ionization should appear at 9.24 eV and 9.03 eV, while those due to two-photon AT1 should be located at 34.24 eV and 34.03 eV, respectively. In Fig. 2 we show the photoelectron spectrum originating from one-photon ionization of Ar, which exhibits double peaks at 9.24 eV and 9.03 eV, as expected, with a width of 170 meV. For this measurement, the resolution of our PES was -40 meV.
The most important result in this paper is presented in Fig. 3 which shows the two-photon AT1 peaks of Ar. For this measurement, the resolution of our PES war: -100 meV. Photoelectrons ejected through two-photon AT1 were detected at a rate of one p6r three or four thousand pulses. We note that the two-photon ATI was also observed in Xe but with a puzzling single peak, and in He with less counts. Electron Energy (eV) Fig. 3 . Photoelectron spectrum by two-photon ATI of Ar.
